Background
CHE Discussion Papers (DPs) began publication in 1983 as a means of making current research material more widely available to health economists and other potential users. So as to speed up the dissemination process, papers were originally published by CHE and distributed by post to a worldwide readership.
The new CHE Research Paper series takes over that function and provides access to current research output via web-based publication, although hard copy will continue to be available (but subject to charge).
Introduction
There were 33,364 general practitioners (GPs) working for the National Health Service (NHS) in England in September 2007 (Information Centre, 2008) . Most GPs (82%) are independent contractors organised in small partnerships, often owning their practice premises. Each practice has a list of registered NHS patients. Practices are paid under one of two contracts: the General Medical Services (GMS) contract; and, the Personal Medical Services (PMS) contract. Under the former, GPs supply services to the NHS under a nationally agreed contract; under the latter, services are provided via a locally negotiated contract intended to meet the local health needs of the population served. In 2006, 37% of GPs were in practices with a PMS contract.
Under the GMS contract, GPs are paid by a mixture of capitation, lump sum allowances, items of service, and quality incentives. Capitation payments vary with the age and gender of patients, the morbidity of the areas in which they live, and with the proportion of patients in nursing homes. Under the Quality and Outcomes Framework (QOF) practices are rewarded according to their performance against 135 quality indicators (NHS Employers, 2006) . GPs have to meet all practice expenses from their gross income. The basic structure of the contract is negotiated between the NHS Confederation (the employers) and the British Medical Association (the doctors' trade union) with the total national level of pay determined annually by the independent Doctors and Dentists Review Body taking account of recruitment and retention targets and the NHS budget. GPs can influence their practice income via the number of registered patients, items delivered under fee-for-service, and achievement of quality indicators. Additionally, where there is no local pharmacy, GPs are permitted to dispense the medicines they prescribed. Dispensing practices can make a profit from dispensing since they receive a dispensing fee per item and are reimbursed for the drugs they buy at a rate which often exceeds the price they pay.
Under a PMS contract, the practice receives a lump sum in exchange for agreeing to provide the services they would have provided under the GMS contract, plus additional services for particular patient groups. Unlike the GMS contract, the terms of the PMS contract are negotiated between the practice and the local Primary Care Trust. The amount received is typically the amount the practice would have received under GMS, plus an addition intended to cover the cost of the extra services. Most PMS practices take part in the QOF but a lump sum is deducted from their QOF remuneration to reflect the fact that they may also be being paid under local PMS arrangements for services remunerated under the QOF. As under GMS, each practice has to meet its expenses from its gross income.
The 18% of GPs who are not independent contractors are employees of GMS or PMS practices and paid by salary.
The way in which the pay of GPs varies with their contract type, as well as other personal, practice, and patient characteristics has considerable relevance for policy (Wordsworth et al., 2004) , and has also received much attention in the media (see, e.g., BBC website, 2008a (see, e.g., BBC website, , 2008b . However, research on GPs' pay is sparse. The little evidence that exists is based on the UK-wide GP Earnings and Expenses Enquiry (EEQ) published each year by the Technical Steering Committee of the NHS Information Centre for Health and Social Care (GP Earnings and Expenses Enquiry, 2008) . This is used to support the GP contract negotiations between the NHS Confederation and the British Medical Association. It focuses predominantly on univariate analyses of mean annual gross income, expenses and net income earned by GPs, stratified by whether GPs are contracted or salaried, their contractual status (PMS versus GMS), and their dispensing status. The EEQ does not generally include multivariate analyses of GP earnings, nor does it consider hours worked or wages.
In the light of this paucity of information, the aim of this paper is to investigate the determinants of GP net income and wages. We consider the implications of our analysis for a number of policy questions:

Government plans for the NHS require a substantial increase in the supply of labour from GPs (Department of Health, 2000) . In 2007, 42% of GPs were female (NHS Staff 1995 -2005 database, 2008 . There is evidence of gender and ethnic pay discrimination in other labour markets (see, e.g., Bell and Ritchie, 1998; Gregory 2002, 2007) . Since pay has a substantial influence on labour supply it is of interest to know if female or ethnic minority GPs are paid less than otherwise similar male and white GPs. 2007 (Information Centre, 2008 . Government policy has been accused of attempting to reduce the number of single handed practitioners (Smith, 2004) . We investigate whether the trend to larger practices might be explained in part by the impact of practice size on GP income.  There is policy concern over inequalities in the geographical distribution of GPs, and there has been little change in the extent of inequality over the past 30 years (Gravelle and Sutton, 2001; Hann and Gravelle, 2004) . One reason might be that the remuneration system does not provide sufficient pay differentials to compensate GPs for working in less attractive areas. We therefore examine the extent to which GPs' pay varies with the characteristics of the areas in which they work.  From 1998 GPs have been able to choose between the traditional nationally negotiated GMS contract and a locally negotiated PMS contract. By 2007, 37% of GPs had opted to switch to the PMS contract. We investigate whether PMS GPs had higher incomes, thus possibly explaining this trend and whether the incentives to switch to a PMS contract were aligned with aims of the introduction of the PMS contract.  Part of the rationale for remunerating GPs via capitation fees is that they encourage GPs to compete for patients by providing better quality care. But the power of the incentive will depend on how net income varies with the number of patients. Hence we investigate whether GPs in practices with longer lists per GP have higher net incomes.  Salaried GPs have increased rapidly as a proportion of the GP workforce, from 3% in to 18% in 2007 (Information Centre, 2008 . We investigate how their pay and hours differ from those of GPs who hold partnerships in their practices.
We undertake three types of analysis. First, we use multiple regression analysis to investigate how GP, practice, and local population characteristics affect GPs' net incomes and hours. Second, we calculate hourly wages (net income/hours) and estimate multiple regression models of the relationship between wages and individual, practice, and local population characteristics. Third, we examine in more detail the way in which the type of practice contract (PMS versus GMS) affects GP wages. We decompose the observed log wage differentials due to the contract into the portion due to differences in characteristics (providing information on the characteristics of practices who had switched to PMS) and the portion due to differences in coefficients (providing information on the incentives for practices with given characteristics to switch).
In the next section we describe the data used in our analysis. In section 3 we describe and explain the methods and the results are in section 4. Section 5 concludes.
Data
Our main source of data is the NPCRDC's fifth National GP Worklife Survey on income and hours (hereafter the Worklife Survey). The Worklife Survey is a national postal survey of GPs' in England undertaken in the Autumn of 2008. The questionnaire covered personal, practice and job characteristics, and included questions on annual income and hours worked per week. The dataset contains information from 2,569 GPs representing 54% of the target sample. After the exclusion of missing values for income and some of the local population characteristics the final estimation sample size was 2,271. , 2008) . The result was a unique dataset for statistical analysis containing data on GPs' annual income and hours, their individual characteristics, the characteristics of the practices in which they work, and characteristics of the local populations and areas.
Methods

Determinants of net income
GPs were asked to report the total individual annual income they received from their job as a GP before taxes but after deducting allowable expenses (i.e., their net income). The data were recorded in eight bands of width £25,000, starting from £0-£25,000 and with the top band of £175,000+ being open-ended. We examined the determinants of GP net income using interval regression on individual, practice and local population characteristics and area type. The covariates were:
1. Individual GP characteristics: gender; ethnicity; and experience (years of 'Reckonable Service' defined as equivalent years of NHS clinical service; Department of Health, 2005) . 2.
Practice characteristics: list size; partnership size; whether or not the practice is designated as a dispensing practice; and, whether or not it has a PMS contract. 3.
Local population characteristics: ethnicity (proportion of the population from an ethnic minority); and, income deprivation (proportion of the population receiving state benefits on the grounds of low income; ID 2004). 4.
Area type: three variables representing settlement size (urban; rural town; village, hamlet or isolated dwelling).
We compared the results of the interval regression with a linear regression model using estimated mean incomes for each GP based on their income band. Mean incomes within each band were estimated by assuming the income data were distributed according to a truncated normal distribution. The mean and standard deviation of the normal distribution were obtained from an interval regression on a constant term. All GPs in the same income band were allocated the same mean income value.
Estimating wages
Since income increases with hours worked we calculated hourly earnings, or wages. Data were recorded in the Worklife Survey on hours worked on average per week doing GP-related work, including out-of-hours work. These figures were multiplied by the number of weeks worked per year reported by each GP to obtain average yearly hours. We calculated GP wages by dividing net annual income by average yearly hours.
Determinants of wages
We analysed the determinants of GP wages by linear regression of the estimated GP wage variable on the same covariates as those used in the net income model.
Decomposing wage differentials by contract type (GMS versus PMS)
The results from the wage regression shows that GPs in PMS practices earn more than those in GMS practices all else equal. We explored these differences in more detail with variants of the BlinderOaxaca decomposition (Blinder, 1973; Oaxaca, 1973) of the difference in the mean log wage between PMS and GMS GPs. We ran separate log wage equations for GPs working in PMS and GMS practices
where i indexes GPs and j indexes contract type ( j = 1 for PMS, j = 2 for GMS). log y is the natural logarithm of the estimated GP wage variable,  is a constant term, x is a vector of individual, practice and local population characteristics and area types that affect GP wages,  is a vector of coefficients and  is an error term. We estimate (1) by least squares so that
The difference in mean log wages can be decomposed as
where *  is the vector of coefficients which would be obtained if the two types of GP were treated identically (Neumark, 1988) . Various specifications of *  have been proposed in the literature. Neumark (1988) proposed that  * be obtained as the coefficients from estimating the model
on pooled data. Other suggestions can be taken as special cases of Oaxaca (1973) suggested that Reimers (1983) suggested that  = 0.5 and Cotton (1988) that The second term on the right hand side of (2) can be interpreted as the part of the wage differential due to differences in the variables or observed individual, practice and local population characteristics and area type characteristics across the two groups weighted by the appropriate returns. It is the explained part of the observed differential, E. The third term is the unexplained component, U. It has two elements. The first is sometimes referred to as the majority group advantage because it measures the extent to which the coefficients in the high-wage group are greater than those for the appropriate comparator group. Conversely, the second element is sometimes referred to as the minority group disadvantage. E provides information about the differences between PMS and GMS practices and hence about which kinds of practice were most likely to have switched. For example, it indicates whether or not PMS practices have more deprived populations. U provides information about the incentives for practices of different types to switch. For example, it indicates whether or not the reward for switching was higher in practices with more deprived populations.
The first term on the right hand side of (2) is the part of the wage differential arising due to differences in the constant terms. This is presented separately from the other components of the decomposition because it is determined both by differences in the effects of the unobserved variables and by the differences in their means.
In addition to calculating the magnitude of U and E we also compute the contribution to these of each of the covariates included in the log wage model. A number of the covariates are categorical variables. Oaxaca and Ransom (1999) show that the decomposition of the unexplained component U into the separate effects of the covariates suffers from an identification problem if the model includes one or more dummy variables: the attribution of the discrimination component to specific variables is not invariant to the choice of reference category for the dummy variables. We adopt the solution proposed by Yun (2005) , which involves transforming the coefficients on the dummy variables using a deviation contrast transform.
The statistical significance of the components of the decomposition was based on standard errors derived using the approach suggested by Jann (2008) .
Results
Table I presents summary statistics for key variables included in the analyses. The mean annual net income (Std. Dev.) was £97,540 (£33,645). Mean hours worked per week were 43.3 (13.0) and mean wages were £50.67 (£16.30). Summary statistics for and definitions of the covariates are in the Appendix (Table A1 ). Around 88% of GPs were white, 39% were female, the average list per GP was 1,656 patients, and the modal partnership size was five. Most GPs (82%) were located in urban practices. For the experience variables the combined elasticity is the sum of the elasticities for experience and experience squared evaluated at the mean experience. a The omitted category is "Partnership size: 1". b The omitted category is "Urban". Table II reports results for the two regression models for annual net income. The magnitudes and significance levels of the coefficients are similar in both models. Working in a PMS practice increased net income by about £9,000 (9%) per annum. The income gain from working in a dispensing practice was £12,000 (12%) per annum. Salaried GPs have income which is around £37,000 (38%) lower than the income of self-employed GPs.
Determinants of net income, hours and wages
The coefficient on list per GP suggests that for every additional patient per GP net income increased by nearly £7. The elasticity of annual net income with respect to list per GP was about 0.11. The relationship between experience and annual net income is inverse U-shaped (joint sig. of experience variables P=0.0263), with the turning point occurring at 29 years of experience.
The coefficients from the analysis of average weekly hours worked are also reported in Table II . They are plausibly signed. Female GPs work 11 hours (25%) less than male GPs and salaried GPs work 11 hours (25%) less than self-employed GPs. The correlation between experience and hours is nonsignificant conditional on the other variables in the model (joint sig. of experience variables P=0.1350). GPs in practices with more patients per GP work longer hours. Even after controlling for list size per GP, GPs in single-partner practices work the most hours per week, but their hours are not significantly longer than those in the largest partnerships. PMS GPs work slightly fewer hours per week than GMS GPs, though the difference is non-significant. GPs working in urban practices worked significantly longer hours than those in rural towns, and villages or smaller settlements. The results from the wage regression are also in Table II . Female GPs had significantly lower wages than male GPs, but the magnitude of the difference was quite small at just over 3%. Conditional net income and conditional weekly hours (N=2771)
Figure 1. Conditional mean annual net income and weekly hours by partnership size calculated at the sample mean values of the covariates
variables are individually non-significant, but jointly significant (P=0.0005), demonstrating a U-shaped relationship between wages and experience. Salaried GPs earn £9 an hour (19%) less than nonsalaried GPs. Being from an ethnic minority has a statistically significant negative effect on wages.
PMS GPs earned significantly higher wages than GMS GPs, with a wage premium of £5 per hour (11%). Working in a dispensing practice also had a positive effect (6%) on wages.
More patients per GP led to significantly higher wages (elasticity 0.08). A large component of GP income varies directly with the number of patients on the list, and while hours worked increase with list size, this is offset by an even greater increase in annual net income. Conditional on list size and the other covariates, single handed GPs have the lowest wages, but the effect is generally nonsignificant.
There were higher wages for GPs working in more rural areas or areas with larger proportions of the population from ethnic minorities. GPs in practices in areas with more deprived populations had significantly smaller wages.
The pattern of effects (signs, significance and percentage effects) of the covariates on wages is broadly similar to their effect on net income, indicating that the estimated impacts of the covariates are robust to the specification of remuneration. The main differences are with the effects of gender, experience, and partnership size. Female GPs had much lower annual net income than their male counterparts but only slightly lower wages because they work substantially fewer hours. The relationship between experience and annual net income is inverse U-shaped, while in the wage model it is U-shaped. This difference is due to the relationship between experience and hours, which is also inverse U-shaped, and which offsets the effect of experience on annual net income. Single-handed GPs had much higher annual net income than other GPs and slightly lower wages because they work more hours than other GPs.
Decomposing wage differentials by contract type (GMS versus PMS)
Mean wages (log wages) earned by PMS and GMS GPs were £53.06 (3.921) and £48.66 (3.839) yielding a mean wage (log wage) differential of £4.40 (0.082). The log wage models used in the decomposition are presented in Table III . There are a number of differences between the models for PMS and GMS GPs. In the GMS model organisational characteristics (including list size per GP, partnership size and dispensing status) are more important determinants of log wages than in the PMS model. In the PMS model, the significant determinants of wages are personal characteristics of the GP (including gender and ethnicity) and population and area characteristics (including deprivation, ethnicity and rurality).
Comparison of the mean characteristics of the model covariates for PMS and GMS GPs shows that PMS GPs are more likely to be salaried, less likely to be in dispensing practices, and more likely to be in areas where populations are more deprived, areas with a higher proportion from ethnic minorities, and in urban areas.
The summary results of the decompositions are in Table IV . See the Appendix (Table A2 ) for more detailed decompositions by variable. The summary results show how different assumptions about the appropriate comparator coefficients ( * ) affect the apportionment of the overall differential between the explained (due to differences in mean characteristics) and unexplained (due to differences in coefficients) components. The decomposition into explained and unexplained components is relatively insensitive to the value of the comparator coefficients  * , and the explained component is negative in every case (range -0.019 to -0.014). Thus the explained component takes the opposite sign to the total difference. The unexplained component is generally positive and accounts for around 4% of the total difference. The difference in the constant terms more than accounts for the total difference, being 0.097 in all models.
The higher observed wages of PMS GPs in the sample is explained in small part by the unexplained component and mainly by the difference in the constant terms. With respect to the unexplained component, this suggests that on average a GP working in a PMS practice with identical characteristics to a GP working in a GMS practice would have earned higher wages than the GMS GP. Numbers may not add due to rounding error. a  = frequency weight for PMS GPs = (number of PMS GPs in the sample)/(total number of GPs in the sample). b The appropriate returns are based on the pooled log wage model in Table III The PMS contract was intended to encourage the supply of GP services to under-served classes of patients. The results suggest that the financial incentives to achieve this goal are rather mixed (see the "Unexplained" column in Table A2 in the Appendix). The gain from switching to PMS is greater in areas with more ethnic minorities; but the rewards are smaller for PMS practices in more deprived areas.
PMS wage differentials persist even after controlling for the variables included in the model because of the difference in the constant terms which reflect both differences in the returns to unobserved characteristics and differences in those characteristics. We have a reasonably rich set of variables, so that our results raise the question of whether the high wages in PMS practices are justified by reference to the aims of health policy.
Concluding remarks
Caveats
Our study has several limitations, relating mainly to the data used. On the negative side, the incomes and hours data are self-reported and may be compromised by measurement error, which is a common problem with other earnings data (Elliott, 2003) . The data were obtained by postal survey. While 54% is a reasonable response rate for this kind of survey, it is possible that the achieved sample is biased by selection on unobservables. However, analysis of potential bias in earlier NPCRDC Worklife Surveys suggests that such selection bias had little effect on estimated coefficients in models of GP satisfaction. (Gravelle, Hole and Hussein, 2008) .
On the positive side, the survey includes both self-employed and salaried GPs and is specific to earnings directly received from medical service. This excludes, for example, private income from medico-legal work or research for the private sector. Second, in contrast to the national Earnings and Expenses Enquiry we have data on hours worked by GPs. Third, we collected data on the number of weeks worked per annum by individual GPs and can therefore allow for the way in which this might vary with GP characteristics. Finally, our analysis is based on data for Autumn 2008 and so reflects the changes in the GMS and PMS contracts that occurred in 2004, and led to a 58% average pay increase over three years (National Audit Office, 2008).
Potential policy implications
We believe our results have some potentially important implications for policy.
Discrimination.
Female GPs have markedly lower incomes than otherwise similar male GPs and but their wages were only slightly lower (3.4%) because of their lower hours. By contrast ethnic minority GPs had lower income but similar hours to white GPs and their wages were 6.7% less. Our analysis suggests that if there is discrimination it seems to be more obvious for ethnic minority than for female GPs.
Salaried versus partnership GPs.
Salaried GPs work fewer hours per week (25% fewer) than self-employed GPs. This should be taken into account in evaluating attempts to increase the supply of GP hours by encouraging the recruitment of salaried GPs.
Single handed GPs versus multi-partner practices.
Between 1997 and 2007 the percentage of single handed GP practitioners fell from 31% to 26%. Our analysis sheds some light on this trend: while annual net incomes are higher for single handed practices, hours are significantly longer, which overall leads to a wage penalty for single handed GPs. Whether this incentive for increasing partnership size is appropriate depends on how the overall practice output varies with size. There is some evidence that both patient satisfaction (Crow et al, 2002 ) and clinical quality (Doran et al, 2006; Gravelle, Sutton and Ma, 2008) decline with practice size. Thus the private incentives for GPs to increase partnership size may be in conflict with broader social objectives.
Incentives for competition for patients.
Both GP wages and net income are responsive to the number of patients per GP (elasticities of 0.08 and 0.12, respectively): GPs appear to have a financial incentive to compete for patients.
Compensating differentials.
There were higher wages and net incomes for GPs working in areas with a larger proportion of the population from ethnic minorities, but GPs in practices in areas with more deprived populations had smaller wages and net incomes. The effects on wages were typically small with wage elasticities between 0.01 and -0.04, respectively. There were however large and statistically significant wage gains for GPs in practices in villages. The results suggest that pay is affected by rurality, so that the relative supply of GPs has been affected by relative geographical pay differentials.
PMS versus GMS contracts.
Practices with PMS contracts were expected to provide more services for their patients. As Table II shows, their net incomes are greater by £9,000 per GP and, since they do not work longer hours, their wages are also higher (by 11%). Thus PMS GPs seem to have been overcompensated for the additional costs they incur. PMS contracts were meant to increase the supply of services to under-served groups of patients. The decomposition of the differences in log wages between PMS and GMS GPs in Table III shows that the financial incentives for switching from GMS to PMS may not have been well aligned with the policy objective: GPs with patients from deprived areas would have a reduced wage if they switched to PMS. In addition, the majority of the wage differential between PMS and GMS GPs is not explained by individual, practice, local population and area characteristics.
One explanation for the wage premium to PMS contracts is the self-selection of high wage-earning GMS GPs into the PMS group. Practices were more likely to opt for the PMS contract if they had been fundholders in the internal market (Gravelle and Hann, 2006) , suggesting that PMS practices were more entrepreneurial than GMS GPs (Whynes, Ennew, and Feigham, 1999) . But this does not mean that the PMS wage premium is due to GP characteristics rather than the contract itself: more entrepreneurial GPs are likely to be better at recognising opportunities for greater income and to be more willing to switch.
In summary, we analysed the determinants of annual net income and wages of GPs in England during Autumn 2008. Net income and wages depended on a number of factors, including gender, experience, list size, partnership size, whether or not the GP worked in a dispensing practice, whether or not they were salaried, whether or not they worked in a PMS practice, and the characteristics of the local population (proportion from ethnic minorities, rurality, and income deprivation). Our research has a number of potential policy implications. Compared with previous studies, it also highlights the importance of undertaking multivariate analyses and of considering hours worked and wages in addition to net income when analysing GPs' earnings. 
